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CHaPl!SS 1% iOQSlSG OB h^D OFF 



In order to distingaish between what tiie taser types and 
t^hat the computer types I sfaall underline the output from the 
computer* . I shall also, need to refer to three non-printing 
keys on the teletype. They are the (escape) ^ (line feed),, and 
the (return) keySo f^he (line feed) and (return) keys are 
located on the :right--haBd side of the : keyboards l?he {escaped 
key is on the left side« 

Pressing the (return) key signals the computer that you are 
through with that line of typing and want to start a new onei 
the print drum will return to the left margin and the paper 
will space. (line feed) continues the statement you are 
typing onto the next line. (escape) is used to say ** forget 
what vhas been typed and start the line again.'* 

Mow let us get on the machine. : 1?he first step is to 
connect the teletype to a computer port. The steps for this 
are: 1) Press the originate button^ labelled ORG, which is 
below the dial and to the left — it should light up. 2) After 
you hear the dial tone on the speaker under the buttons ^ use 
the : dial on the teletype to dial the comptiter. Dial 2 on 
teletypes which are extensions of the Harvard switch and 
%91'-5900 on those connected to outside lines. A small knob 
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controls the volume of the speaker but normally it should not 
need adjustment* 3> ¥ott should hear the teletype ringing the 
port and then a beep \fl?hen the port aoswerso ^} The coisputer 
^ili : then types^ 

iiiiiiiaiiiiSiiiSM ■. 

59M-liit^l-I§2-.3i5a2£^2w :^^ {return* 

ACGOtJNTr 

vfe must now convince the coiftputer that we are honest hill 
paying customers o To do this we must have an account number^ 
a password and a user naaie- For the purposes of illustration 
let lustsuppose that our account number is 123, our password is 
&BGSEf^^ and our name is LEGIOH. The letters of the password 
will ; not be printed* ^hat is shown below is what roast: be 
typed. A correct log in would go as follows: 

JU|iE.^2 8,^_1967^3 s 5f ;iP^M^^;.^Xretur 
^CCOggf 123Creturnl 
passWORDi^ABCDEPiretsrnX 
NAffii^LEGION.lretorn) 

i 

^ote that the computer provided all the freturns)* If you 
make a mistake in this process the computer will type out 
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'^ISIfaLID OSER'' aM then start the process of id€rttifi.catic:>i5 
ail over agairio When yea have stjceessfially antered tfie 
cdmptiter will type a a sign* 1?his character is the tradeipark 
of the executive program « The EXEC has a ntimber of subsys- 
tems ^ that it can provide*. 9le wish the one called CAL so we 
asfe for itw C&B will want some information and the dialogtie 
should go lifee this^ ^ 
SCMtolreturn) 
£ilf^i^§2^SHSb§£^Ql^iSMiliiIl§^iil5IS^Z_20{3:etarn) 

DEMONSTHATIOHPEOGRaMe return) 



DEMOI^STHA^iON PH03BAM PIMSE 1 t reti3rn> 



Note that when CAL asks for the ntaafaer of statements yoti must 
give a ntiioher and then provide the fret urn) to tell CAL that 
yon are throiigh typingo The saioe is true of the title* ChL 
starts you off with a new page complete with title and page 
nuHiber and then gives you a line starting with >« > is the 
trademark of CALo you can always tell who you are talking to 
by the symbol starting each line* Do hot ask for too ir^any 
statements or you will not have any rooiT: for data! 
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tet us assume that you axe tired of CKL^ or liave even 
finished a problem and want out» The procedure for logging 
out properly is as follows: first get back to the EXEC; this 
is done by pushing C escape) several times « You can tell when 
you ha^e succeeded because the computer will type So Second 
yot^ type -laOQ f oi? LOSOOT LEGIOH and then a period • It should 
look like this r 



>Creturn> 
>t return) 

SLOGOOT^IjEGIOl. _Cretjirn> 

J9N_28-^_1967^__3r59_g«^M^__j[ returns 
TIMS^gsgP^frgturn), 

Cg^iCf£_00:02_Creturnl 
2hS-.£2ffiBSfeS£^turns^of f ^the^telet^Eg- 

SOMJiARYs EHTERIHG AND LOGGIBG OUT 

tet us review this process by enter ing^, doing nothing^ and 
logging out again^ 1 
If ou press < originate) to get dial toner 

dial 2 or 491-5900 as appropriate « 

3SS-.2S^_3£58_P^Mo. C return) 
ACCogg f £_1 2 3_ir eturn ) 

6 
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PassffOROi.^ABCDEF^ireturn> 

IMil^I^SSGI OS o Ir eturni 

ac ALo. ^ retur n> 

CMj^l;^ 69_NgMBER_OP_sm2ii^ 2 C r e ttrrn) 

il^ISS;::.PLEASB_ireturn) 

0EMO!SSTHaTIOH PROGRAM (return) 



>{ escape) 
>f escape) 

liiteiiiiiilSiHlSl ; 

mm : CO#f?ptg|g:.::tte ::' 

You can tell that you have logged out successfully by the 
time used message which refers to the time used by the ceutral 
processor and the amotint of time you have been connected* If 
you have logged out correctly the computer will turn off your 
teletype for you„ If LOSOtTT does not work try EXIT* If that 
does not work call the Computing Center! ext« 3272 on a 



Johii GiiM^rfc 1 Stiideiifen Cffi • Mairaal Jaae^ 1967 



telepfeorie. 



Jofhn Gilbert Student ^ caL Manuai^^ 3tHie, 1.96? 



dfia»iii:-i;:i:: 



I shall now assume that you have entered and got to CAL as 
otitlined in Chapter 1« In parrtictilar I hope that you are 
looking at a greater-than sign* 

cai* has tViK3 isode^ of operating o One of fehese^ called the 
direct mode, acts like a desk calctilator« The other, called 
indirect, utilizes more of the computer'' s facilities. Almost 
all CM* coimnands can be used in either i»ode except for a few 
which only ioak€j sense in one* We shall stairt out in the 
direct, or desk calculator, mode, but all the conlmands I mil 
mention can be used in either mode^ A distinctive charac- 
teristic of the direct mode is that as soon as you have 
finished typing a command and type (return} , the computer mil 
execute the command. vJhen it has finished it will start a 
fresh line with a > sign w 3 

The first conamand you will need is the command TYPE 
followed by whatever you would like typed and then a (return)* 
Sere are some examples? 
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>, 

2:.J_T|ie^Qgerati.Qns^|^^^ 

The arithmetic operators are ^i, -^ ^^ /^ and f» They stand 
for addition^, s^btractioBir multiplication^ division, and 
exponentiation (raising to a power) respectively* In evaluat- 
ing aLti arithmetic expression CM* will do the exponentiations 
firsts then the multiplications and divisions f^^orfcing froci 
left to right)^ and finally the additions and subtractions • 
If this is not the order desired^ or if there is some doubt, 
parentheses { ) should be used to make the expression unambig-- 
uouso The following eKaioples illustrate some of these rules. 
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These examples illustrate the precedence of operators: 

> TYPE «i-5'3t2 exponentiation first 
4+3 f 2 _= 13 

> TYPE («t+3)t2 

Mese lllUstEat^that f is done before + lanless ( ) are used 

> TYPE 4*3f2 
4*312 = _36 

> TlrPE 4*C3t2) 

^attiiizi^ s™^ i§ 

> TYPE (4*3) f 2 
_ii!*31i.2 ~ 144 

These illustrate that f is doii^ b^#c>Ke * 

> TYPE 2*3/4*5 left to right rule 
-2*3/4*5 = ^.liSOOOOOO 

> TYPE C2*3)/(4*5) 

„.C2*3>/f,|*5.>. .Jz OiSfifiSiOOO; 

> TYPE ((2*3y/4>*5 

2 - 3_The_cgmmand_SET 

The SET cofflmand is used to store a n^raber, or the result of 
a calculation^ for future use» I will esplain Just what this 
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means after giving some examples: 

> SM? A = 3 (return) 

> SET B = 4 treturri)^ 

> SEmn C - am {^i^i^r n) 
>1?Y?SC- 2 (return) 

>. 

The value of the number or the expression on the right hand 
side of the equal sign is stored for later reference by the 
machine as the iralue of the variable on the left-hand side. 
Variables can only have single letters or a single letter 
followed by a single digit in their names but they can be 
suteGripted with great abandon « The subscripts are placed in 
parentheses and separated with commas^ B^ SCO), hl^ A (13, and 
ACB{C^D>^Er^> are all different and acceptable variables. The 
last will have meaning only if the variables C, D^ B(C,B), and 
E have already been SETo It is important to realize that the 
SET command does not represent an equation. For example: 
>vSET-A.- A:::4.: l:: 
is alperfectly good and legal st^temeiit^^^^^^^^^^^^ replace the 
old value of ft by a new value one greater* What a SET command 
does is to instruct the computer to first evaluate the 
expression on the right of the eguai sign and then to store 
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the result as the value of the variat5le on the left* The old 
value of the variable is losto To the coaiptiter a variable is 
the name of a place ^here a mratoer aan be store^o The command 
>>:SST^a:== B:-i- C' fretiiriiX ^ 

is a way of saying **to the nimber stored in B add the nusiber 
stored in c and store the result in h^'e ^here h^ B^ and C are 
naipaes for actual storage locations in the conputers mea^oryo 

The coiQHiand SET 2^A - b ^ C has no mining to CAl^ because 
it does not have a variable 2*A in which to store the result 
of adding the contents of B to that of C*> 

&11 the coaiiaand words e,. or reserved words ^ such as SIT^ need 
to be separated from their surroundings by a space. The only 
exception to this is that they don®t need a space at the 
beginning of a line when they are next to >• aside from this 
Chit is quite indifferent to spaces and they can be used as 
des^iredo 

The word SET can be leftout of a SET coHiiiRand« Thus &-^^^^^^ 
is identical to SET A = Bo 

2 ^4 Corrections 

By now you may be wondering how to correct a mistake in 
typing a commando If you push (escape! the cossputer will 

13 
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ignore what you have typed and start you out ob a fresh line, 
where you can try agaia*. If you ptjsh (return) the coifiputer 
will try to execiite «hat you have typed and if it doesn^t 
succeed it will type a .snide reisark and start you out- with a 
fresh lineo In addition to these two ccnrses of action CSi 
provides a whole series of editing coK^icands imtg for the 
moment^ I mil discuss only two of these* Ml editing 
coroinands are given by holding the (control) key down while 
typing another key* The (control) key is located on the left 
side, of the keyboards. The two commands are (control) A and 
(control) W« 

(control) A is given by holding the (control)' key do^n while 
typing A« The effect of this is to ptint f and to delete the 
last character typedo This deleted character could of course 
have oeen a blank- To delete several characters hold 
(control) down and type as many A's as there are characters to 
be deletedi the computer will print a f for each character 
deleted: These f * s are only printed and they do not fceco^e 
part of the statement being formed in the computer* 

2^§l^onferoll^i . 

(controDW acts like (control) A except that it deletes the 
preceding word ^ and the blank in front of it* To indicate 



ta 
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that it has done this it printsXo 

gscage , 

One ^ord of caution^, if you push f escape) tmce in 
sticcession yon will find yotirs elf talking to the ESEC (with a 
a instead of a »« To get back to CHI. without losing what you 
have done^, type COOT IgOg^CAL^i note that you type the period 
to confirm that you wish to do what was typed-> You can tell 
if this has succeeded by i^hether or not you get a line 
starting with a >c 
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In the indirect mode a niimbex of commands are organized 
into a program^ which is then ran as a iinit^ rather than 
having each command executed as it is typed-* In order to 
write a program one mast not only specify the individual 
cosimands but also the order in which they are to be executed* 
To make this possible each commandi, or statement ^ is given a 
STEP number* Indeed^ CAL determines for every statement 
whether it is to be executed immediately (direct rnbde) or is 
to be incorporated into a program (indirect loode) fcy whether 
or not it begins with a STEP number. 

3>.l Numbering Steps 

To help in organizing the program, statements are numbered 
on two levels by a pair of numbers separated hj a decimal 
point o The integer (to the left of the pcint) is the PART 
number o The fraction (to the right of the decimal > serves to 
order statements within each PART- As numbered statements are 
typed into the computer CAL orders them by their STEP numbers, 
considered as decimal numbers • For example, STEP 1.2 is 
before STBF 1^.245 ^hich is before STEP 2.001, no matter in 
what order the programmer typed th^n. The fiiJst two would be 
in PAST 1^ v^hile the third is in PilST 2. This system of 
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number ing allows yom to insert a . coamand between t^o whicli 
have already been typed. For example^, if 1\.3 and 1«^ are 
already used, you sRxght insert lo35« 

In the absence of any directions to the contrary the 
computer will eicecute the statements of a program in their 
nuiaerical order*, The progranimer can,? however, direct the 
computer to deviate froca this order in a variety of ways. 

Iiet us look at an example 2 
>lol SET J ~ 1 Creturn) 
>i« 2 TYPE Ji 2 (return) 
>lo3 SET J = J -^ 1 (return) 
>lo4 TO STEP 1«.2 (return) 

This exaiople contains t^^> new things- 1) the steps are 
numbered and we see that all four steps belong to PBRT !• In 
addition the computer will treat th^ft:as being ordered in the 
order shown o 2) STEP 1*4 contains the new coiri^nd TO« This 
has the ■ effect of sending the program to the ^step specif iedi, 
here io2^ which it will execute and then proceed to the steps 
following this new starting point • '. The program above will go 
around and around forever «, caught in an infinite loop^^ because 
every time it gets to STEP 1«4 it will be sent back to STEP 
1^2 o Suppose: we had started this program running by typing 
the direct icdsimand ""TO STEP l^l (return) "*« What could we do 

17 
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to stop the unending sequence of squares which this program 
would produce? The answer is tl|at__^;^^ ^JB£23E§IS-.«.S§I3 be 

iSiSE£yE^§5-feY_E!i§hiS3^£ll§_i§§£§£§i_B§2* ^^ ^^Y ^^^^ ^ second 
for the machine to stop in some programs but never disconnect 
your teletype in this situation! If you hit (escape) too many 
times the worst that can happen is that you will end up 
talking to the EXEC and ]^a can type COHTINOE^CAL o to get 
back to your program* Don*t forget the period. 

3:i2_IF_modifier 

Clearly it would be convenient if there were some way to 
tell the program when it should stop typing out more squares 
and proceed to the next part of the program e One way to do 
this is the IP modifier. I shall add it to the above example • 
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>1.1 SET J = 1 (return) 

>1.2 TYPE Jf2 

>1.3 SET J = J + 1 (return) 

>1. 4 TO STEP 1.2 IP J < 5 (return) 

>1.5 TYPE "DONE" (return) 

>T0 STEP 1.1 (return) 

. .«Ji2.=__l 

3l2_z 1 

Ji2_= 9 

..„„,,Ji2._=_,16 

DOMI 
> 

The effect of the IP is to execute the comaand in front of 
the IF if and only if the 3C«mdtf*dlon after the IF is true. If 
the condition is not true the conpoter igiwres the part before 
the IF and gd^ on to the next stateaaeiit of the program. In 
this example the computer jua^s back ?to STEP 1-2 as long as J 
is less then 5. Hhen J becomes equal to 5 the cor^ition is no 
longer true and the computer ignores the command "To STEP 1.2" 
and goes on to STEP 1.5, which is to type the literal DONE. 
Note the use of "s"^ Since there are no n»3re coso&ands to be 
executed after this one the computer stops, printing out > as 
a sign that it is ready for more input. 
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This example illustrates a program loop or iteration. 
Since much of the power of the computer comes from its ability 
to perform many such iterations in a short time it is 
important to understand clearly how these loops work. Let us 
discuss the above example in detail. First notice the role 
played by the variable J« Let us call it the variable of 
iteration* Second, STEP !•! is only executed once when it 
initializes the variable of iteration i^e. starts it off, with 
the value 1. Third, STEP 1-3 increnents J by a fixed amount, 
1 in this case^ every time aroundc Fourth, STEP 1.4 tests 
whether J has gotten so big that the computer should go on to 
the next part of the program. I have not said anything about 
STEP 1.2 because it does not have anything to do with 
determining the iteration. Any statement or statements could 
have been put in its place and they would have been done for 
J = 1, 2, 3, and U« The four quantities which determine this 
type of iteration are the variable of iteration, its initial 
valuep the amount it is incremented b/p and the final value of 
J for which the iteration should be (tone. 

The form of iteration illustrated in the preceding example 
occurs so often in writing programs that CAL has a special 
command for setting up this type of loop. I will do the same 
problem using this special command, which like the IF acts by 
modifying another command. 
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>2ol TYPE Jt2 FOR J = 1 BY 1 TO ft (return) 
>2e2 TYPE "DOME- (return) 
>T0 STEP 2el (return) 

.Jl2^z 1 

212^= 1 

Ji2^r i 

3i2jZ 16 

eONE 

> 

When the oomputer cosies to the word •FtDR" it sets up a loop 
to operate on the preceding part of the statement. To be able 
to do this it must have the four things which specify an 
iterationo These are given to it by what follows the FOR in 
the form "variable of iteration = initial value BY increment 
TO final value". The last three quantities do not have to be 
numbers; they can be variables^ which have been previously 
set^ or even arithmetic expressions which the computer will 
evaluate when it comes to themo Because 1 is so often used as 
an increment the BY 1 may be emitted tjcosxk a FOR clause and 1 
will be assumed as the increment by CAL. 
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Some examples using FOR; 
>»r¥PS J FOR J = 3 TO 7 

J_^ 3 

^ ^j^^ i 

_3_= .__5 



>T¥PE J,K FOR J = 1 BY 2 TO « FOR K = 10 TO 12 

,_:..._j,:.::gV.g..;.: ::.:.:.-. :i|- ^ 

There are several points to notice alKsut tbis last exarople. 
1) For each value of K it went through the entire loop on «J. 
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2> J did not take the value U becaiase it 's^s told to increase 
by twos from one so that it went 1,^; 3^^ 5 bat 5 was too large 
so it stoppedoO 

The following shows how this could be used to evaluate a 
function of two variables^ naroely JfK^ 

>TYPE J,K,JtK FOR J=l BX 2 TO 4 FOR K^tO TO 12 
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At": this • point '^ we rha^e:- the :basio:^tools iiecessairy^ to sol^ara 
wide variety of programming probleMS« . We can enter data b;^ 
using the SET comiaaiia in the direct mode« Me can compiate the 
\^aiue of coi^piicated algebraic- expressions^ and we are able to 
do these caicalations iteratiirely rising the FOR construction « 
We can transfer control free .one -^ part of a program to another^ 
using TD<, The IF C condition) construction allows us to do 
these things sometimes and to skip them at others* Finally ti^e 
can have the results of these cosipiitafcions typed o^t* 

We do noty as yet^ have uiUch experience in how to nse these 
tools to accomplish our aimSg and until ^e do^^ we cannot 
appreciate how much can be accoisplished with these coisxrands« 
For the most part the rest of the commands in Chh simply 
provide V easier or more elegant ways to achieve results which 
could have heen obtained with the comisands we have « In this 
chapter I shall introduce some of these labor saving devices 
and illustrate some common calculations « 

Let us consider the problem of adding up a series of 
numberSo- If there were only a few we could write a program 
which would SET A eq^alto the first nus^ber^ B equal to the 
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second,? etc. We couia then SET X = K^B^.^. and then TYPE Xo 

It is clear that v^e would not want to do this for very irany 

numbers. We need a better way to get data into the computer 
and we need a better way to handle it once it is Ibo h 
solution to the first problem is provided by the DEMftMD 
coffimand (we shall find an even better way a little later)*. 
The coismand OEM&HI> X causes the computer to type out X - and 
then wait for you to type a number followed fcy a (return) « 
The computer will then SET X etjual to the nuipober and proceed 
to the next step of the prograaio one can put a list of 
variables separated by comiTiaag after DEMAND and the computer 
will ask for them one at a tiine« For exaciplet 
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>l«i SET S = * 

>lo2 SET X = 

>lo3 SET S = S + X 

>1„4 DEMaiSD X 

>io5 TO STEP lo3 IF X < 999^ 

>1.6 TYPE S 

TO STEP lot 

X_f 56.89 (return) 

._2_= 33.65 {return! 

JC_= 18.93 Crettam> 

Jijz ^8.25 (return) 

^X_= 999999 (return) 

:■-., .-:_,S-..= :.;i/':: / ..:, 1S7:.:72000 j 



large nurot^r to terminate 

. rea<S-ing 



In this ejaaple s is the cumulative suau. Each nev value of 
X replaces the old one which is then lost. This is an 
advantage if we are short of space in the computer and if we 
have no further need for the individual values. Vie use an 
abnormally large value of X to signal that we have entered all 
the numbers we »ish to suaio Suppose we had mshed to save 



*From now on I will not indicate the ncn-printing characters 
such as (return) and (escape) except in special cases and I 
shall also only underline the cocsputer output when it is 
necessary to clarify a particular point » 
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these numbers « for some further caliGUlatioii. The best way to 
do this is to pat them into an array. 
Here is one «ay this could be doneo 

Mil; DEMai3D;H 

>l^<.2 SEMftND DCIl FOR I = 1 TO N 

>t.tf SET S = S -J- DW) FOR J = 1 TO S 

>toS TYPE S 

>T0 STE» lei 





m 


= % 


Titm- 




=^ 56.89 


C2) 




= 33„65 


nrnt 




= 18e93 


0(4) 




= i*8„ 25 




■ s 


151. 72000 



This program first ask^ how many numbers it is to read and 
then proceeds to pat these nuicbers into Cd),^ BC2)J^o«*DCN[)o 
Step lo2 clears out any ojld valne^ which might have been in S 
and lo3 does the actual addifeiono . If the program ^lere 
interrupted in the middle of this loop S would contain the sum 
of the DCJ)'^s which had been indexed before the interrupt iono 
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Mote that it makes no difference ^liich letter we use as the 
index i^ariableo vllien J - 7^ DfJ) is exactly the saise as DCI> 
when 1-7. This point often causes confusion and you should 
remember that it is the numeric value of the inde:K ^hich 
determinies which D in the array is intended^ not the letter 
used of 

Adding numbers is such a common occupation that cair has a 
special command for itc The statement 
SET S = SOM f J = 1 TO « t DttJ) > 

has exactly the same effect as steps 1^3 and lo4 in the 
preceding example*. There are four functions of this type and 
1 will discuss them later in this chapter^ 

We : mil often find that we would like to include more than 

one :program step in a FOR loop*. We might wish to sum not only 
the quantities 1>(I) in the example above but also their 
squares* One way to accomplish this is to put all the steps 
to be included in the loop into a special PiiHT and then use 
the DO comnando I will illustrate assuming that the array 
D(I) -has already been entered and that 15 has been SET« . In 
particular I use the values from the previous example*. 



28 



John^^ Gilbert ^ 'S^m&ma:^^- QM^l Manual: ^- ^- mmmd €S67^ 



>ioi SET s = s.^ mi) 

>lo2 SET Q ^ Q.^ Qil}%2 
> 

>2o2 DO PART 1 FOR I = 1 TO H 
>2o3 TYPE.S/H^ CN=^'Q~St2>/l9 

>TO^;STEB.-2e;^l:; 

S/m = 3S««3OO0OO 
CH^Q-Sf2>/I3 ^ 836.302^10 

Plfi^ etiep 2«1 I have ixitroduced the replacement arrow <^« 
This cans ^E the value of Q to be SET to zero and then the 
value of S to be SBT to zero.. It can be used instead of the 
equal signv im any SET coaimandc 

The effect of the .00 is lifee that of the TO mlth one 
important difference « ^hen the computer has finished the step 
or PART specified it does not coBtinue on fros-i that point but 
rather it go^^ back to the step which contained the DO and 
proceeds from that pointo Thus STEP 2^2 causes the two steps 
in PART 1 to be done for each value of I and when the loop has 
been satisfied the computer goes on to STEP 2«3o If I had 
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used TO instead of the DO the coiapater ^ouM have dene STEPs 
2.1^ 2«2^ PART 1^ 2ol again^ 2.2 agaiB^, PAET 1 etCo In 
addition each time it came to STEP 2*>2 it Mculd have tried to 
do it all over again from the beginning with I ~ !« Kcte that 
we started the program at STEP 2^1 not l«lo The DO makes it 
possible to write programs as a series of PARTs and then to 
have a master PI^T which controls the order and the nuiTcber of 
times these PAHTs are to be done*. . The DO does not have to be 
ased in conjunction with a FOR clatisei instead it can be used 
alone or with any of the other modifierSc Yon can DO a STEP 
as well as a PART and when yott DO a PART the nnsiber of the 
PART can be specified by a variable or a^n e^cpression* 

In order to label oar output and to pat more than one 
nujsber on a line we use FORMS <. A FORM allocs =- us to specify 
jast what will occupy each space on a line when it is typed 
out. In order to distinguish between different FORHs in the 
same program each is given a unigue nnmher^ The FORM is used 
in conjunction with the TYPE IW FOEH con^nand^ which specifies 
both which FORM is to be used^ by giving its .nuinherr and what 
quantities are to be typedo The FORM specifies how these 
guantities are to appear « X shall give some examples and then 
discusa'^^t^heiiio ' 
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>FORM 1 s (line feed) 

3CiEi FIXES FORM.= %%%%^%% X TM WLOPSTSG FORM = #######8 
>T¥PE IN FORM 1 :-t 24 o 6 , 2«} „ 6 

X INFIXgD FORM= 2«l«60 X IH FiOlkTING FOS« = 2„tt6 01 

> 

>FORM 2 s fXiae feed> 

i i^^it isffi %%%%% %m%% 

Notice that the ; is followed by a line feed and not a return. 
The computer provides a new line so that the WOBM can be 
specified exact iy as it is to be typed. Mhen tjsing % to 
define a field be sure to use an extra one for the sign of the 
number even if you know that the nusfber will be posit ive^ 
When using # to specify a field for numbers in floating point 
notation one must use five pore #s than significant digits 
desired to provide room for sign^ decimal pointy and exponent 
(which may be negative) o Nuisbers will be rounded on the right 
to fit the space provided^ If there is not enough room to the 
left of the decimal in the field defined by %s an error 
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liessage will be printed when the prograai comes to that pointo 
If not all the numbers which a.FOSM^as expecting are pro^ide<a 
by the TyPS IN FORM command it mil- type what it can and then 
wait for the missing noiFiber« If a new T'fPB IH FOR^ is then 
exectited this new form will start where the other left off 
rather than on a new lineo.. . The number of the FOHM in the TYPE 
IN FORM copjaand can be . specified fcy a variable or an 
expression as well as by a plain integer^ 

;^ ^^rspecial ;use :of;: Dlli&MD^.tises, a;iK>R»:n to greatly sisiplify the 
problem of entering large amounts of datao Let me illustrate 

the way this worte^ 



32 



John Gilbert sttident CAL Manual Jane, 1967 



>lol DEMRM) IH FORM 1 % XCl) FOH I = 1 TO 6 

>lo2 TYPE X{I> FOR I = 1 !P0 6 

>FORM 1 s ' 

> 

>TO STEP loi 

123 23ft 3ft«56 «i5.67 ir2„3SS3 ii2»35E-3 

XCl) = 123 

■ Xt2>-= 23 iJ - 

XC3> = 3 iic 560000 

XCil) - il5c670000 

XtS) - 42350 

X(6) = i}e2350000-02 



Each number is terminatea by a space e:KC€pt the last which 
gets a (return) « to start a new line^ 

4,6 Floating point numbers 

AS this example shows « we can input a number in any 
combination of three formats — integer^ decimal « or floating 
point. For those not familiar with floating point the 
exponent which follows the E indicates how many places the 
decimal point should be mo^ed to obtain the correct value= 
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1?li^ decimal poiiit is moved to the left if the exponent is 

negative: and to the right if the deeip^al is positive . Thus 

t^QE-^lO is a very SBiall number while 4o OEIS is a large number^ 
40,000,000^000 to be exacto 

There are a -number of irtatheiiiatiical functions «hich are 
built into CALo These functions can appear as part of an 
expression and their arguments can also fce eKpressicnSo In 
addition a function can be used as an argument of a functiono 
When the argument of a function is ^n expression it leust he 
enclosed in parenthesiSo It is probably just as well to get 
into the habit of ali^ays - using parenthesis^ The built--in 
functions arei 

ABS gives -the value of the argument taken as positive*, 
ABSC--98) ^ 98 
SIR is the trigonometric sine function, where the 

argument is the angle measured in radians «^ 
COS is the cosine with the argument in radians..* 
ThtS is the tangent argument again in radians^* 
-EXE^::is the: exponential function io-e*. e raised to the 
po^r ;■• ^of ^ Lt he- :argu0ient ^ : 

* Radian measure is a way of measuring angles in terms of the 
length of the arc compared with the radius^ 2Cpi) radians - 
360=0 To convert from degrees to radians multiply by pi and 
divide by ISO^^o 
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LOG is the natural logarithm of the argiixpento 
LOGIO is the logarithm to tbe base teii« 
SQRT is the squareroot of the argi3ment« 
IP is the integer part of the arg^msnt^ ice^ 

IP{3i^o.56) = 3ft 
FP is the fractional, part thus FPC3ill>56) = 0«56« 
To facilitate .working with radiaos CM, has the special 

constant 

PI Mhose ^altae is pi to eight significant figures *> 

In addition to the biiilt--in f^tlcticnSj^ ^hlch have already 
been mentioned there axe four rather tiniqae. functions in CALi 
these are SUM^ PROD ,7 MAX^ and- MI^^ The argnirtents of these 
functions contain a FDR dlause^. Cthe word FOR does not appear ^^ 
however) ^ and an expression « To illustrate the form of these 
functions suppose that we already have in the computer an 
array of numbers DCI) v^here I runs from 1 to Ns and ^e 
executed the follov^ing program steps s 

3ol- SET S ^ SOMCI ==^ 1 TO S s DCI>) 

3«2 SET T ^ PRO0CI = 1 TO N s 0ll>> 

3.3 SET O - MUX (I = 1 TO :m ■ z Dill} 

3«y SET ¥ ^ MINCI ^ 1 TO N % DCI3I 

The result v^ould he that S would equal the sum of the Ds^ T 
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wotjld equal the prodiactof all the l>s^ tJ weald equal the 
largest -of the Ds and ^ woold equal the saiallest^of thesis The 
elaose . before the s has the same mles as that follomng a 
K3R^ in partictilar it can be BY Bome increment other than one 
if desiredo Any expression can follow the t « 

:ivl:iiSagjjj.M^agiangggo^ . 

To show off oar new powers let us- ^ rite a program to find 
the meanj? variance f? and the standard deviation of a set of 
Buiobers* Although ^e don ®t need to i for this program let ub 
save the data in an array called D^ for data^ Hather than 
figuring out just how we are going to do everything before we 
write the program let ub see if ^e can organise things as we 
go along^ ; 

First let us v^rite a part to read the Ith datais and add it 
to the cumulative sum and the cumulative suni of squares-. This 
whole part will be done over and over^ once for each value of 



5^aj;.i::.n2liAI3D:vlH^:^^ 1. . t-^B Cl> 
^>^.2 SEIv^S ^= s : -i- D (I > 

m. 3-SET^T-.^ Wl ^ Difll 12 

How let us. write a part which will,^ assuising that we have 
the : sum of B observation in S and of their squares in t^ 
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coropafce their laeanp uariancec and standard deviation as 
requiredo 5le might as well print these oat while we are at 
ito 

>2c3 SET W = SQRTC¥) 

>2.ti TYPE IN FORM 2 s M,V,W,li 

Finally ve write a part which sets ^ip the initial values 
and does the other parts in the correct seqoence- 

3.i,DEi3AND N 

3.2 SETJS*T*0 ^ 

3-3 DO PftRT I FOR I - 1 l^JII 

3,if DO PART 2 



We must not forget to specify the two forrosi 

fosm:i;;^ 

FORM 2 ! 

MEAN = %%%%.%%% VKR = %%%%%%.%% momA:- %%%.M%% -.M= %%%% 
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Me are nowp I hope„ ready to run the prograi«« 

S = 10 CMacfeiae typefl H=i you typed 10> 

1 2 3 4 5 6 7 8 9 10 (You typed these naabers) 
MSAH = 5„500 V&R = 8c25 SIGMS = 2o8723 N = 10 

Suppose now that we are reading an article in which the 
same the satn of sguareSs and the nomber of observations are 
given and we wish to check the later calcttlaticns. Jfle don''t 
want to change i^at ^e have so we add an additional part, 

>«tcl DEimND NpSjT^ 
>i|e2D0:PaRT2 

>DO PART i| 

N = 20 

S'=123*: 

T = 23*15678 
MSAS = 61,70 = Vm. = 1131^77, 01 SIGMA =; 336„:8i35 . H = 28 
> 

This is a modest example of the great flexibility which can 
be gained by dividing a problem into separate tasks each of 
which is done : by a. :1 different:- partniinder"' the : f direction of : a 
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control 1 pragrame : Indeedi^ breaking a large problem down into 
subproblenis is one of the most important technigues of 
prograHisiing« ; 
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5-0.2.. ^^.ModigAerg^- f- 

v^e have seeika in the case of the FOR and the IF isodifiers 
that the execution of a statement can be made to depend upon a 
modif ying claaseo I will- now give and thai describe a list of 
examples which will _ include all the modifiers in CAI*« The 
statement niaiRbers are given for ref erence« This is not a 
program^ 

1.1 SET A (I) =1 FOR 1=2 BY 2 TO 14 , 

1.2 SET A (I) =1 FOR 1=2 BY 2 UNTIL I=l« 

1.3 SET A{I)=I K>R 1=2 BY 2 ^HliE K15 
l^it SSTX:= Y/(l?-l) 5iHEEE_M=16 

1.5 SET S = SQRTfX) IF X > 
1-6 SET S = SQRTCX> UNLESS X < 

S.2-;,^|or,,^^Mbdifier^ §ag^Siilfg 

Steps lol^ 1 0^2^ and ln3 all have the same effect*^ In eachj^ 

the ^BY* :part tcan be rleft mixt-Mhen fBX l"" is intendedo. The 
terminal conditions in lo:2 and lo3 Cthat is the 1=1^ and I<151 
can be. quite complicated logical expressions*. They need not 
involve the variable of iteration CI in these examples> 
directly* . A word of caution about MHIIiB« Many right sounding 
statements g meaningful in English^ can be made which use the 
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i^ord liHIliE J without using : FORo ; . ChL Mill m not do these 
statements! Every WHILE must have a FOR part preceding it I 

step lo^ ^illustrates ^ the: WHSaB^modifiero.:^: ^ It allows x. us to 
make a SET type of statement as a imodif ier and is a bandy way 
of slipping in a variable^? here H^? which we had forgotten to 
define earlier in the program. 

step loS is the already faioiliar IF isiodifier and 1,.6 is 
similar except that the statement is executed only when the 
condition following the UNLESS is false i thus the tw> es^mples 
will have the same effect except for the case when X is equal 
to zeroo 

CMi has no fixed limit to the number of modifiers that can 
follow a single statement^ but the size of the input buffer ^ 
which holds the statement as you type it ioir does set a limit 

of 300 ^characters to the length of a.CAL statement « When more 

than one modifier follows a stat^aent these are : interpreted 

from right to left o : For examples ^ 

1« 7 SET A CI )l^ ; FOR 1^1 ITO W HHEEE : P=6 

will ■ SET^ the :f irst vsix ^aCl:ls^ . no :;, matter :^ what ^ the - previous 
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value of n waSg as it will do the WHIBE before the FORo The 
use of several modifiers makes it possible to pack quite a lot 
of program into a single statements This is not particularly 
good programming practice^ as it makes it harder to understand 
the program « It is also harder to change* Co^^^as can be used 
to : separate the statement from its modifiers and the modifiers 
from each othero This may make the stat^ient easier to reado 
An escample of a statement using several modifiers iss 
2^1 SET l^lM^/m/ 2, FOR 1=1 OISTIL hBS fH-H/aXD^ WHIHE 

B^wmmaWmm mB/2 

This will compute the square root of H Cby successive 
approximations using S/2 as the initial estimate of the square 
root ) and call it A « 

So far when we have referred to expressions we have teen 
thinking about arithmetic expressions^ CJ^L also, uses logical 
expressions o CM^ considers to be false and any other value 
to be true o i For example 2o3 TYPE A(I>^ IP All} ^ FOR 1=^1 TO 10 
will type only those A CDs which are not equal to zerco 

5-3^L02i^al;>0£erators .: 

The logical operators are AMD s OE^ ^nd HOT « VBy using these 
operators quite : complicated: logical - expressions can be built 
up arid used as conditions after UNTim,, WSjUilff ONmSS^ and IFo 
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If a is false ^ that is to j say ^ lias the value zero then NOT h 
is true and m.li be gi^en the ^alBe one« 

Usually logical !vai:iables are derr^ed froB relations . The 
six relations used in CM* are -^ ^ Cnot equally <^ <-a >s ^nd 
>^o h simple : example : of g how the relations and logical 
operators can be used iss^ 

B = ^ 

The prograiQ will continue -taiput the :partial sum of ^the aClJs 
into B until 1 one or the other of these conditions is true-"- 
then it will go on to i the umKt v statement *^ CMi will v^ not 
complain if you wish to miic: logical i and arithinetic ope lotions 
and variables in the same expression so you could have 
2. 5 SET h f 11 = BID ^ (ISOT ^ CG f II ^ JD fl> > ^ mm 1 ^ 1 TO 20 
The effect of this is to SET ACi) - B ~ CCI> was not 
equal: to-^ 0CI> and- mero when it ^wasi..: The:: logical -opera^^^ 
have an order of precedence : just ^as the : arlthioietic operators 
dOo First ^ the OR and the HOT are done and then the AND .: In 
an expr^sion which contains arithiietic operators ^ coiropari'- 
sons g and logical ^ operators they are idone in that order^ : One 
must : be : careful : about^ this c^v^f or eKamplei^: in the : : eKpressf on h 
OE B =^ ^CMt : will : first ^see: if vB equalsvfour and; then GE the 
result of -this with Ac Thus it^wiilnoti toe the saiie as ft=ji$ OH 
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B=4 even thougli :we roffcen - say the :- f iirst v- Mheii r we :^^ iBeari--tiie 
second o 

^ In order . to j: use :the :^edifcing^^<20Siiaiids of ■ CM^-^ we .:iiiist ikno^ 
how cat handles the inpiitfr^ teletypepritero CM* has a 

teiBporary ■ storage rarea i^ere the : char a caters ;r f Eoii: the ■ teletype 
are stored as they ccitie in*. (Sticfa an area is usxialiy called 
an input buffer by programmers) *> When CAL receii^^es a (retnrn) 
it then tries to interpret the string of characters^ which 
cape before the Cretorn>o If it succeeds it lets us know fcy 
typing a >^ if not it gives a ? or an - error niessage^ In any 
case :the :liiie we ;have :typed^stays in- the;: fe : If Clli 

accepted the statement^ a : copy of it - mllr also be in the 
program storage : area*. : As we type our ne^t cora^ndi, we will 
replace character by character our last input with our new 
input o The (return) at the end of the new line causes any 
remaining } part of the old line to be :^ away in addition 

to its effects mentioned above*, : 

Ml the: editing: commands are made by holding the control 
key down while typing the rspecif ied command tey- ^e shall 
continue to indicate this by CcJ in front of the comi^and 
lettero I now give a list of all the editing coHaosands with a 
brief description of their action^ ^ 
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Cc3 A This deletes the pre^ioas character or space 

and types a f^ It oan be used several times 

to delete as many characters c, 
(c)M This deletes the preceding word^ incltiding 

the blank in in front of it^ and types \o 
Cc)Q This deletes everything up to the last line 

feed and prints *-« 



Soil COPY conimands 



(c>G; Copies the next character of the old line to 

the new line and types it« 

(clZS This copies up to and including the first 
time the letter foil oiling .the (clE occurs in 
the old lineo Here I have used S to stand 
for any character « You do not hold the 
control key down when you type it. 

{c>D This coiamand copies the rest of the old line 

into the new one including the f return) * 

(c)F This has exactly the same effect as Cc) D 

except that the te^^t copied froiB the old 
line to the new one is not typed out on the 
teletype « . Either of these two coisniands can 
be used to cause a direct statefD:ent to be 
executed several times « 



5« 12 SKIP coiMiands 



(c> S Skips over a character in the eld line and 

prints %o This is useful when used with the 
repeat key*. 

{c)X6 This acts like Cc>Z£ except the characters 
are skipped ^ including the one typed after 
the Cc)Xo It will print a % for every 
character skipped* Both lc)2g and Cc)Xg 
will ring the bell on the teletype if the 
character indicated is not found in the old 
lineo 
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So 13 IHSER^PICMS 



Cc>E 



Prints and starts iaserting whatever is 
typed nexto A second Cc3E sto^ the inser-- 
tion and types >«> . 



S <. 1« ^ REIYSIIIG 



{c>Y 



(c>T 



This types the rest of the old line and then 
on a new line the new line so far^ You can 
then continue editing the line^ 
This has much the sanie effect as Cc>? except 
that it aligns the two lines exactly « These 
two cOininands are used when one is confused 
about just what has been done in the editing 
o£-a-line^ V 



5.15_gg|T^Sf^vXo,g , 

This is a cat statement and it will cause the statement 
numbered XoY to be typed out* Thi3 statement then becomes the 
old line for editing purposeSo : This d<>^B ncA recover it vfrom 

the program so that if it gets ^a new stateient> number in the 
edit - the : original ^ step will remain as part ^ of v^ the program as 
well . as .the : new : step- generated -by^ the :edit«^ : 

The -following example :iliust3rates*he use of these com- 
mands o 
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Suppose that we ha^e a J Stat ei^ent 

which we would like to chaiiga so i that it read 

1.5 SE1? II = MXf 2 ^B^X^r ^ C*¥f 2 

We can type 

> SDIT STEP 1.5 fretiam) 

1.5 SET O = A^^B^X^¥ >C^¥f 2 

We next ^^type : Cc>Zft : and ^ the : c<»piiter ^ Mill type : 

1.5 SET m ^ h 

( e)E : will make the line look :iifce 

lo5 SET -II = A< 

we now type T^Xf 2 Col E to obtain 

1.5^ SET O ~ A<^ Xf 2> 

{c)D will :add on thee rest mf the linec: : 

1«5 SET O = ^<'^Xf:2> -^B^X^^^^^^^^^^^ 

To check we caii type f c>D again to get 

1.5 SET = A*Xf2^B^X^¥ ^C^¥f2 

Note that \ the ase of the to) E to ; inseirt t:he extira characteirs 
kept the rest of the line from being changed so that we could 
add it on -later with the {a^D^ 
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Mb : have ■ alreatay : aiscussad ^tte ■^biiilt--iii:: f iMietiaas: of . CMio 
Ue will -BOW explain ^ how a programmer can define bis own 
functioBSo In iiioafc cases a fijpGfeiori has a single ^alaei^ ^hiciii 
is determined by one : or morerargn^nfes^ or inputs « For the 
moment I will aiscmss only tMs type :offan<rt:i<»e A specific 
example of sncii a function iss ^ 

fCK^y) — 3k^:^ 23cy- Sy^.; : 
v?e define this f iinction in -Clffi t^^^^ the direct ^stateaient 

DEFINE 

FCX^?1 ^ 3^X12 ^ 2^X^¥ - 5^¥t2^ 

For those without second sight the Cis an uppercase K and thel 
is an uppercase M on the teletypeo There is no indication of 
these brackets on the keyboardo : 

Sow that we ha^s^e defined a af unction here are sope :g:^aiiiples 
illustrating its use? (In computer lingo these are kno^^n as 
function calls « 1 
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Filial =-36 

Fl3ft^24J == 2220- 

Once a lett:er has ba^ii tased t0 deiiota a fiaficrl^icm 
be tised as a variable name o ; 

When a fianction is called^ as in the first T?FE sta terpen t 
above^ CAL saires the valtaes of the variables used as arguments 
in the definitiono In our exasiple these are the variables X 
and Yo It then sets these variables to have the values of the 
arguments in the function callo In our e^aiiple it ^ill SET 
X-1 and Z=^3o It mil then find the value of the function 
according to the definition^ and finally it will put the 
original values of X and Y back as the value of these 
variables o Thus the variables X and ¥ used in the definition 
are protected from being changed when the function is called*, 
The only time this arrangement can cause trouble is ^hen the 
function is called mth the same letters^, used as arguments j. 
as were used in the definition but in a different order. Thus 
in our example F[Y^ XI x*iill not have the correct value when X 
is different from Yo 

Occasionally we mil wish toideline:a function that is too 
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complicated to bexdefined in one statement o : CM» provides a 
second way of defining fianct ions to allow for thiSo 
hn exampi e iss ^ 

DEFIHE G :CX,¥I z TOSTBS %.% 

1.2 SET B^^ B ^ X f I FOR I = -»1 B? «-l UHTIL X f I 0.0001 

1 o 3 RETORN SORT CB^Yl 

Mote -again the DEFINE statement is direct^ unnumbered o 

When this function is called it will save X and Y and put 
the values of the argucnents into X and Y exactly as outlined 
aboveo CAL will then go to the step indicated^ STEP lol in 
oujc example and continue until ^ the program- coises to the word 
RETORNo CAL then assigns to the function the value of the 
expression follomng the word RJETORNo It will then restore 
the old values to X and 1 and continue with the statement 
which called the function* The statement following the 
semicolon - in the : define statement dees not have to be a TO 
STEB statement c>: If ; any other statement is used CAL will 
execute- it and RETURM O :as the rvalue of the function « ; 

CAL functions can be defined recursively «> This means that 
a ■ function can be us ed as pa rt of its own def init ion *> The 
following : definition of > Mi ^ Cthe :^ proaucfe - of - therfirstmS 

SO 
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integers) -illastrates this clearly j? althoiagfa it is not a very 
good way to calculate Si n ie C&to 

DEEIHEOF CHI s *TO STSB 2oI : 
2«1 RETURN 1 IF CN<2) 
2o2 RETORN N^F lli-3W 

TO see Jiow this works let iis go through the steps needed to 
evaluate F £31 « : Sinoe the : argument lis noteless than tm> we 
must evaluate 3^ Ft 23 r- accordiiigJto S1:1P 2o2o 1^ do this we 
ipQUSt \evaluate :F[21'o : Here :a gain the :arg«ent:-ds: not 'less than 
two so again ^e go to STEP 2c.2 and try to evaluate 2*FllIo 
F£l] has an argument which is less than tw> and so it RSTDRNs 
the value 1^ Ft 21 can now be evalauted^ as 2^ and finally we 
see that PC3I =3^2 or 6 and this will he the value returned 
by the f unctionc : It is clear from this exaHiple that ChL loust 
set up quite a lot of ^ machinery to handle this type of 
function definition so that ? a : direct definition is usally 
super ibr«' : Some : functions ^are :^ much easier to define : . using 
recussion^ however^ The Fibonacci -numbers are an example of 
thiSo 

Fibonacci numbers have been investigate by mathematicians 
for over 700 v years o ,They are defined by the rules F(l> - 
1,F(2) ^ l: and Fin) ^ Ffn-^l) ^ Fin-2} ^ when n>2o . The 
following cai* program computes the first 10 of these numbers.. 
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DEFINE Ft N3 : TO STEP 20.1 



20.1 RETURN 1 IF N<3 

20.2 RETURN FtN-1] ♦F(N-23 
> 



>TYPE FlI] FOR I = 1 TO 10 



F(I1 


= 


1 


FII3 


= 


1 


Fill 


=: 


2 


FII3 


= 


3 


Ftl3 


= 


5 


Ftl] 


= 


8 


F[I3 


= 


13 


Fill 


= 


21 


FCI3 


•= 


3«» 


Ftl3 


=: 


55 


> 
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CHAPTER 7: SAVING- PROGBMSS AHD DSTA OH FILES 



The Harvard time iShairiBg systesi:;has provisicm for saviBg 
both programs and data^f roi^ one ; logim to the next*^ : To save a 
program we :^se the : DOMB ^ coniisand as f oIIomss ^ 

>DaMP Crettirn) 

TO_/NAME/^^ ^liM-ll^ - - ^ 

The name of the file <in this case NSMS) can be any set of up 
to nine characterSo Some of these can be non-printing control 
characters if desired« If you already have a file with the 
name specif ied the : program : will print OtD FIBl to remind yon 
that you V mil lose what was on the : file if you piat new 
material into ito DOMP will only save indirect program steps ^ 
forms ^ and function definitions« If does not save variables 
or direct statements « 

To recov^ ^ a:}program:which hasv^previotisly; been saved on a 
file named /diS€/ ^ by using the : DIMP coMaaiid we: use the 
following CM^ commands ^ 

>£OM) (return) 
fgQM_/ABC/e : 

Notice that both the LO^D and the :IKIMP commands need a final 
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Both of these coaimands aira used as diirec^ eosroands only. 

In order to write data on a i file we ftinst: mse three 
statements as f olloi«?s; ^ 

>lfaiTE ON 3 IN FORM 1 i Xf 15 V FOE 1 :=^ 1 ^KJ 10 
XriOSES 

These commands mil i^rite the ten values of Xfl) onto a file 
names XYZ . in the format specified by foris 1^ If the phrase 
^ IN FORM I'' is omitted the niambers mil he put on the file in 
the same format as the TYPE command uses. 

To read, data from • a file '^e use : the processes ; 
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>GPEH /X?Z/ mm IKPOT AS FI£E 5 
>EEM) FROM 5 % X(I It FOR I = i TO 10 ^ 
>C£OSE 3 

When CAL reads from a file all alphabetic characters are 
ignored and only the numeric ones are picked up., If ^e write 
an array without using a FOEM the value of the index as ^ell 
as the value of the variable will be on the file« When we ask 
CAIt to read this file it will take the value of the index as 
the first number and the value of the variable as the secondo 
Thus if we write a file using 

>ilRITE OH 3 r X (I) ^ K>R I = 1 TO : 2 

the record will be 

Xfl) == 17 

X(2) = 88 

and so the record consists of the four numbers 1^17 irZ? and 88e 

He can avoid this probleis by using a forisof or our output.. 
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'msmmm&''^^ow-^x^m^i^s'swsmi^mB- 



This appendix lists ally the :Cffi' stjmmmmi^:Mkmmn to ^ aKist 
on the Harvard system at the risonent^ I When more are a Med this 
list will y be updated and distrifeutedo Thronghotit the discus- 
sion e and e<i> denote CAL expressions i»hile v and v(i) stand 
for CAL variables o Since an expression can consist of a 
single variable the class of e'^s incltiaes that of v^s but not 
vice-^versao CM* expressions include logical as well as 
algebraic expressions and they may involve both built-in 
f unctuins and functions defined by the prograsimer* 
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1 J£§^iSSSS§I|ts ^ : 

This statement 5 with a tmXl expression list, can be used 
to ] prill t headings arid captions usl^ng suit aMte f orias « : 

T¥FE STEP (Stateinent MOo f 

T¥PE PART e 

TXFE Mill STEPS 

TYPE M.I* FORMS 

TYPE SLiiiVaLDriS 

TYPEM-L 

TYPE FORM e 

TYPE ^immediate :stringJc3rf€JOiM 

This stateaient can be us^ to pwiMt headings and 
captions*, 

Sgt jS t atements- % - 
SlT^^v^e:: 
aiT-^^e: 
SET^v^i^*rVa^c ^ 

DEIiETE V 
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DELETE ALL 

DELETE FORM e 

DELETE PART e 

DELETE STEP (Stato NOo) 

DELETE ALL VALUES 

TO STEP (State NOo ) 
TO PART e 

Do^Statergents g 

DO STEP (Stat-. NOc) 
DO PART e 

I/0_of_Data_to_or_from_Files^_Stateg 

OPEN ^filename** FOR INPUT AS FILE e 
OPEN -filename- FOR OUTPUT AS PILE e 

Filename is an arbitrary string of characters not 

bracketed by slashes or single quotes « 

READ FROM es v^^ v^c ^3c 

WRITE ON e± IN FORiyi ea : €3, e , e 

WRITE ON e^ s ea^ e p e .•*> 
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CM)SE IB : 

TO I/O data ;i:o and from files is necessary t:c use three 
stateiaentss^ 
Open Statement 
1/0 Statement • 
Close Statement- 



l^lt^S tatements s 

EDIT STEP CStat ^ iNOol 

EDITiBt)ilM^e • 



DEEINS vtvar'^a ---="-1 r stateioisent ^ Ctlie : statement r is 

tasiialif 3, TO STEP e> 

DEMMID IN - FORM >er-v^ r^ar "^1? I--^H: :^orks[ only:^ with # type 

forms 
DEMAND Vi^ iTa «*>- ^ 
PAUSE : 
GO 

DOMP^ Cretum) 
TO /filename/ 
LOAD (retiarnl 
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FROM /filename/ : 

PAGE: 

CANCEIi 
DOHS 

SETURM e : 
STEP 

Any namber of modifiers can be: atfeacbed to a CAL stateliest 
according to the formats^ ^ 

Statement^ Modifier li^ Modifier 2—^^, 

Statement M>difier 1 Modifier 2~~ 

waiRE::v^e: 

WHERE v-^e 

IF e (is non zero) 

ONIiESS e C is : equal ^ to ; :2^ero) 

By ea TO ea 

WHIIiE es is greater than zero 
FOE v=eai :: 1 ;if empty CJNTIIr ea bs long as es is 



By ea TO ea 

WHII,E ea 
FOR w^BtL : 1 if ^ empty ONTIL ea 
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